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Shunting during carotid endarterectomy
Ali F. AbuRahma, MD, Albeir Y. Mousa, MD, and Patrick A. Stone, MD, Charleston, WV
Background: The use of shunting during carotid endarterectomy (CEA) is controversial. While some surgeons advocate
routine shunting, others prefer selective shunting or no shunting. Several large series have documented excellent results
of CEA with routine shunting or without shunts. Others reported similar results with selective shunting using
transcranial Doppler (TCD), electroencephalogram (EEG) monitoring, carotid stump pressure (SP), cervical block
anesthesia (CBA), and somatosensory evoked potential (SSEP). In this study, we review the available evidence supporting
shunting, nonshunting, and selective shunting during CEA.
Methods:An electronic PubMed/MEDLINE search was conducted to identify all published CEA studies between January
1990 and December 2010, that analyzed the perioperative outcome of routine shunting, routine nonshunting, routine
versus selective shunting, selecting shunting versus avoiding a shunt, and selective shunting based on EEG, TCD, SP,
CBA, and SSEP.
Results: The mean reported perioperative stroke rate for CEAs with routine shunting was 1.4% and for routine nonshunt
was 2%. Meanwhile, the mean perioperative stroke rates for selecting shunting were 1.6% using EEG, 4.8% using TCD,
1.6% using SP, 1.8% using SSEP, and 1.1% for CBA. Similar results were noted for perioperative stroke and death rates.
Conclusions: The use of routine shunting and selective shunting was associated with a low stroke rate. Both methods are
acceptable, and the individual surgeon should select the method with which they are more comfortable. ( J Vasc Surg
2011;54:1502-10.)
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mThe use of shunting during carotid endarterectomy
(CEA) is controversial. While some surgeons advocate rou-
tine shunting, others prefer selective shunting or no shunt-
ing.1-21 However, all these studies report a small incidence
of perioperative stroke, and, in at least some patients, the
etiology of the stroke is intraoperative cerebral ischemia
during carotid artery clamping or shunting. The optimal
method for evaluating cerebral perfusion during CEA and
to determine the need for selective shunting is also contro-
versial. In patients undergoing CEA under general anes-
thesia, several investigators prefer electroencephalogram
(EEG) monitoring,22-29 while others prefer transcranial
Doppler (TCD),30-35 carotid stump pressure (SP) mea-
surements,14,36-45 somatosensory evoked potential
(SSEP),46-55 or cerebral oximetry monitoring56,57 to de-
termine the need for shunting. Meanwhile, for patients
undergoing CEA with regional anesthesia, selective shunt-
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1502ng can be based on alterations in the neurological exami-
ation that develop after carotid clamping.29,35,41,58-61
There are several arguments against the use of routine
hunts, including unnecessary use in approximately 85% of
atients14,43 and its associated morbidity, which may in-
lude atheromatous or air emboli, arterial dissection, and
cute arterial occlusion. Several other complications have
een reported, including increased risk of local complica-
ions, such as nerve injury, hematoma, infection, and long-
erm restenosis.15 Others who support the use of shunting
ite its value in maintaining cerebral blood flow, thus
llowing unhurried CEA.1-9
ETHODS
An electronic PubMED/MEDLINE and Cochrane
atabase literature search was conducted to identify all
ublished CEA studies between January 1990 and Decem-
er 2010. Other commonly quoted articles prior to this
eriod that were identified during the review process were
ncluded. Studies were included if they analyzed any of the
ollowing policies: routine shunting, routine nonshunting,
outine versus selective shunting, selecting shunting versus
voiding a shunt, or if they examined different methods of
elective shunting (eg, EEG, TCD, SP, cervical block anes-
hesia [CBA], and SSEP.
Only studies with 100 CEAs were reviewed and
nalyzed. Three reviewers (A.A., A.M., P.S.) extracted
ethodologic and perioperative clinical outcome, includ-ng stroke, death, stroke and death, type of anesthesia, and
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Volume 54, Number 5 AbuRahma et al 1503percentage of patients shunted in the selective shunting
group.
In this article, we review the available evidence support-
ing routine shunting, nonshunting, and selective shunting
based on various methods of cerebral monitoring.
Routine carotid shunting
Several studies have shown that carotid shunting com-
pletely relieves cerebral ischemia caused by carotid clamp-
ing, as measured by EEG changes, middle cerebral artery
velocity changes on TCD, or neurological status. It is also
believed that there is no evidence that placing a shunt
increases thromboembolic complications or causes arterial
injury, leading to more acute or chronic complications.
However, there is evidence that placing a shunt in the
setting of severe cerebral ischemia decreases the stroke
rates.31 Minimizing ischemic time to the brain by routine
shunting also has the theoretic advantage of limiting cere-
bral ischemia/reperfusion injury.
Several large clinical series have documented excellent
results with the use of routine carotid shunting during CEA
with perioperative stroke and combined stroke/mortality
rate range of 0.7% to 3.6% and 0.8% to 3.6%, respecti-
vely.1-14 Table I summarizes some of these results.
Finally, in our practice, and using only patients (1159
CEAs) who were part of several CEA randomized trials,
which were done under general anesthesia with routine
shunting (carotid argyle shunt), we reported a stroke rate of
1% to 2% based on the type of patch used.10-14
Routine nonshunting
Several large series have documented excellent results
Table I. Results of carotid endarterectomy (CEA) with ro
Author (year) N
Routine use of shunt
Javid et al1 (1979)
Thompson2 (1979)
Schiro et al3 (1981)
Owens et al4 (1982)
Sachs et al5 (1984)
Edwards et al6 (1989)
Hertzer et al7 (1997)
Hamdan et al8 (1999)
Bellosta et al9 (2006)
AbuRahma et al10-14 (1996, 1999, 2002, 2007, 2010)a
Total
No shunt used
Ott et al15 (1980)
Whitney et al16 (1980)
Steed et al17 (1982)
Baker et al18 (1984)
Boontje19 (1994)
Frawley et al20 (1996)
Samson et al21 (1998)
Total
aCombined number from published randomized CEA trials with routine shof CEA without shunting.15-21 These studies are summa- cized in Table I. Boontje19 reported the results of 342
EAs without shunts with a perioperative stroke rate of
.7% and a mortality rate of 1.5%. There was no significant
ifference in the incidence of neurological deficits relative
o the condition of the contralateral carotid artery (normal
.4%, stenotic 2.9%, total occlusion 0%), nor between
atients with an SP of 50 mm Hg (1.2%), 20 to 50 mm
g (2%), and 25 mm Hg (3.8%).
In another study, Frawley20 reported the results of 259
atients with severe bilateral carotid disease who under-
ent CEA for symptomatic 70% stenosis. Large-dose
hiopental sodium without shunting was used for cerebral
rotection during CEA. The overall perioperative stroke
ate was 0.8% with no ipsilateral strokes and a 1.2% con-
ralateral stroke rate. The combined stroke and death rate
n this series was 0.95% in patients with contralateral steno-
is of 70% and 3.9% in patients with contralateral occlu-
ion, with 1.6% for the whole series. Similar results were
eported by Samson et al21 and others.
elective shunting
The following is a brief overview of various methods of
erebral monitoring to determine the need for selective
hunting.
EEG. The use of EEG to monitor cerebral function
uring CEA has been reported in nearly 100 studies over
he past 3 decades. However, nearly all studies are retro-
pective in design. Some authors have advocated routine
se of EEG secondary to the ability to provide continuous
onitoring during CEA. Most series begin evaluation pre-
peratively and continue monitoring during induction and
hroughout the endarterectomy. Criteria for significant
shunting and without a shunt
EAs
Perioperative
stroke (%)
Perioperative
death (%)
Perioperative stroke
and death (%)
75 1.4 1.5 2.9
07 1.4 0.5 1.9
00 1.0 0.5 1.5
95 3.6 0 3.6
57 2.3 0.7 —
28 1.0 1.5 2.1
24 1.8 0.5 2.3
01 1.4 0.2 1.6
86 0.7 0.1 0.8
59 1-2% 0.5-1% 1-2%
32 1.4% 0.9% 2%
09 1.3 0.6 1.9
97 2.3 1.8 —
45 1.7 — —
40 2.4 0.6 2.4
42 1.7 1.5 2.6
59 0.8 — 1.6
54 1.7 0.8 1.9
46 2% 1.1% 2.2%
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November 20111504 AbuRahma et alfrequencies and a 50% reduction in EEG amplitude. Some
have used the appearance or increase of theta or delta
activity. EEG changes can vary by anesthetic used, arterial
oxygen tension, and systemic blood pressure. Several stud-
ies have reported their experience in the role of EEG
monitoring during CEA (Table II). Schneider et al26 re-
ported their experience with routine EEG and selective
shunting in 564 CEAs under general anesthesia. Shunts
were placed primarily for significant EEG changes after
carotid clamping, but also selectively for contralateral inter-
nal carotid artery (ICA) occlusion or prior stroke. They
reported significant EEG changes in 16% versus 39% (P 
.001), and shunts were placed in 13% versus 55% (P 
.001) of patients with patent versus occluded contralateral
carotid artery, respectively. The perioperative stroke and
stroke/death rates were 1% and 0% in patients with a patent
contralateral carotid versus 1.2% and 2% in patients with
contralateral occlusion, respectively. They concluded that
routine use of EEG was associated with apparent elimina-
tion of intraoperative strokes and 1% of perioperative
strokes. These observations appear to be true, even in the
face of contralateral ICA occlusion.
Facco et al22 reported their experience in 439 CEAs,
and shunts were only used in patients who showed clamp-
related EEG abnormalities (24%); however, patients with
contralateral carotid artery occlusion had a 70% rate of EEG
clamp-related changes. The perioperative stroke rate was
1.6% and the death rate was 0.69%. Plestis et al24 analyzed
their experience in 591 CEAs with no EEG monitoring or
shunting (non-EEG group) and continuous intraoperative
EEGmonitoring and selective shunting in 311CEAs (EEG
group). Acute EEG changes occurred in 13% in the EEG
group. Postoperative strokes occurred in one patient
(0.32%) in the EEG group and in 13 patients (2.19%) in the
non-EEG group (P .05). They concluded that the overall
neurologic morbidity rate was significantly lower in the
EEG group than in the non-EEG group.
Pinkerton27 analyzed his experience in 1661 operations
in which the EEG was the sole criterion for shunt insertion.
SP measurements were recorded as an additional observa-
Table II. Carotid endarterectomy with electroencephalog
Author (year)
No. of carotid
endarterectomies
Type of
anesthesia
Facco22 (1992) 439 GA
Salvian23 (1997) 213 GA
Plestis24 (1997) 311 GA
Stoughton25 (1998) 208 CBA/GA
Schneider26 (2002) 564 GA
Pinkerton27 (2002) 1661 GA
Woodworth28 (2007) 194 GA
Hans29 (2007) 314 CBA
Total 3904
CBA, Cervical block anesthesia; GA, general anesthesia.
a14% for CBA patients and 28% for GA patients.
bWithout/with contralateral occlusion.tion in 1517 operations. A significant increase in the intra- Eperative stroke rate was associated with the development
f an abnormal EEG (1.1%), contralateral occlusion
1.8%), and the combination of both abnormal EEG and
ontralateral occlusion (3.3%). They reported that the EEG
emained normal in 1295 CEAs (78%), including 75 CEAs
ith contralateral occlusion. The 30-day stroke rate was
.9%, the mortality rate was 0.6%, and the combined
troke/mortality rate was 2.2%. When the contralateral
CA was patent (1496 CEAs), an EEG change occurred in
8%, and an intraoperative stroke occurred in two patients
0.1%). Occlusion of the contralateral ICA (165 CEAs) was
ssociated with an EEG change in 55%, and an intraopera-
ive stroke occurred in 1.8% (P .0083). The SP was25
m Hg in 243, with EEG change in 63%, and an intraop-
rative stroke occurred in 1.2%. EEG change occurred in
0% when the SP was50 mmHg (1002) and an intraop-
rative stroke occurred in 0.5%. An EEG change was re-
orted for an SP of50mmHg (515 CEAs) in 4% with no
ntraoperative strokes. They concluded that intraoperative
EG monitoring accurately (99.92%) identified patients
ho could safely undergo CEA without a shunt.
Salvian et al23 compared the results of routinely
hunted patients in 92 CEAs with selectively shunted pa-
ients in 213 CEAs (based on EEG monitoring). In the
electively shunted group, 16% subsequently required
hunting. The major stroke rate in the routinely shunted
roup was 4.4% and 0.5% in the selectively shunted group.
Woodworth et al28 reported a multivariate outcome
nalysis of selective versus routine shunting during 1411
EAs. Two out of 194 patients (1%) in the selective shunt-
ng group (based on EEG/SSEP) had perioperative strokes
ompared to 47 out of 1217 (4%) in the routine shunting
roup (P  .04). Patients who had EEG monitoring with
elective shunting were more than seven times less likely
o experience a perioperative stroke (odds ratio of 0.05,
 .01).
Other authorities have reported a different experience
ith a significant number of false negatives and false posi-
ives when using EEG monitoring.
Hans et al29 conducted a prospective evaluation of
(EEG) monitoring
% shunted
Perioperative
stroke (%)
Perioperative stroke
and death (%)
24% 1.6% 1.6%
16% 0.5% 0.5%
13% 0.3% 0.6%
14%/28%a 0%/5.2% 0%/5.2%
13%/55%b 1%/0% 1.2%/2%
22% 1.9% 2.2%
21% 1% 1%
10% 1.2% 1.2%
1.6% 1.8%ramEG, SP, and neurologic changes during 314 CEAs per-
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events occurred, a shunt was placed, regardless of the SP or
EEG changes. Based on neurologic changes, shunt place-
ment was necessary in 32 (10%) of all CEAs performed
under CBA. One percent required shunt placement if the
SP was50 mmHg versus 30% if the SP was50 mmHg
(P  .00001, with a sensitivity of 30% and specificity of
99%). In patients with an SP of 40 mm Hg, 3% required
shunt versus 57% for SP of 40 mm Hg (P  .00001,
sensitivity of 57%, specificity of 97%). Ischemic EEG
changes were observed in 19 out of 32 patients (59%; a
false-negative rate of 41%) requiring shunt placement un-
der CBA. Three patients had false-positive EEG results and
did not require shunt placement (a false-positive rate of
1%). The perioperative stroke/death rate was 1%. All
strokes occurred after surgery and were not related to
cerebral ischemia or lack of shunt placement. They con-
cluded that both SP and EEG as guides to shunt placement
have a poor sensitivity. The most sensitive and specific
method to identify patients who require shunt placement
was intraoperative monitoring of awake patients under
CBA.
Stoughton et al,25 in a comparative study of simultane-
ous EEG and mental status monitoring during CEA with
regional anesthesia, prospectively evaluated 208 CEAs for
cerebral function during surgery with simultaneous mental
status evaluation and EEGmonitoring. Regional anesthesia
was chosen preferentially in 75% of cases, and general
anesthesia was reserved for patients who did not fulfill the
criteria for regional anesthesia. Based on mental status
evaluations, significant neurologic changes were noted in
5% that were not detected using EEG (false-negative re-
sults). Conversely, 7% showed unilateral slowing without
associated changes in mental status evaluations (false-
positive results). In awake patients, 14% showed mental
status changes that required a shunt. In contrast, 28%
showed EEG changes that would have led to shunting.
There were no strokes in the regional anesthesia group
versus 5% in the general anesthesia group. They concluded
that EEG monitoring yielded a significant number of false-
positive (7%) and false-negative (5%) results in the detec-
tion of neurologic deficits when compared with mental
Table III. Carotid endarterectomy with transcranial Dopp
Author (year)
No. of carotid
endarterectomies
Could not
perform (%)
Anest
mo
Halsey30 (1992) 1495 5-15a General, f
McDowell31 (1992) 238 10 General/E
Jansen32 (1993) 130 5 General/E
Finocchi33 (1997) 112 9 General/s
Cao34 (1997) 175 19 Regional/
McCarth35 (2001) 104 13 Regional
Total 2254
CBA, Cervical block anesthesia; EEG, electroencephalogram.
a11 centers.
b1.5% intraoperative and 4.6% postoperative.status evaluations in patients who were awake. sSome authorities are skeptical in using EEG monitor-
ng for CEA using local/regional anesthesia. Wellman et al
ompared the use of EEG monitoring during regional and
eneral anesthesia and found EEG to be more sensitive
nder general anesthesia.62 To be noted also, several per-
onnel may interpret the EEG, and that may include neu-
odiagnostic technologists, clinical neurophysiologists, or
eurologists, which may have an impact on the percentage
f false-positive or negative results.
TCD. TCD has been used by some surgeons to iden-
ify patients who would need shunting during CEA and
lso to verify shunt placement by restoration of baseline
elocities after shunt placement.30-35 Also, TCD can detect
mboli that occur during the course of the operation (ie,
issection, shunt placement, and restoration of flow after
hunt removal) as well as postprocedural detection of
mboli.
Several studies have reported on the value of TCD in
electing shunting during CEA (Table III).30-35 Halsey30
eported the results of 1495 CEAs (11 centers) that were
onitored with TCD. The perioperative stroke rate was
.4%. Severe ischemia occurred in 7% of their cases but
leared spontaneously in about half of the cases. The rate of
evere stroke was very high in those patients with persisting
schemia, while shunting protected against stroke in such
ases. If ischemia did not occur, the stroke rate was higher
ith shunting, although not so high as in unshunted cases
ith severe ischemia. They concluded that CEA complica-
ions might be reduced by selectively shunting only those
atients with persisting severe ischemia.
McDowell et al31 analyzed 238 CEAs monitored with
CD. Depending on the severity of reduction of middle
erebral artery mean velocity, patients were classified as no,
ild, or severe ischemia at clamping. The overall perioper-
tive stroke rate was 3.7%. In patients with no ischemia,
troke was significantly lower without a shunt (2/175 with
o shunt vs 2/12 with a shunt). For mild ischemia, shunt-
ng did not affect the stroke rate (1/20 had no shunt vs 0/9
ith a shunt). For severe ischemia, strokes were less fre-
uent with a shunt (4/9 without a shunt vs 0/13 with a
hunt). Jansen et al32 reported the results of 130 CEAs with
ombined TCD/EEG recording, with a perioperative
TCD) monitoring
/other
ing
Shunting
(%)
Perioperative
stroke (%)
Perioperative stroke
and death (%)
BA 19.1 5.4 5.4
14.2 3.7 3.7
13.8 6.1b 6.1
pressure 16 5.2 5.2
p pressure 10 2.4 2.4
11.5 3.0 —
4.8% 4.8%ler (
hesia
nitor
ew C
EG
EG
tump
stumtroke rate of 6.1%. Sixteen patients had a70% reduction
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There were no severe EEG changes, and a shunt was not
used in seven of these cases, but one patient developed a
subcortical infarct with a slight disability. They concluded
that TCD immediately provides information about throm-
boembolism and hemodynamic changes that are not de-
tected by EEG alone.
Finocchi et al33 analyzed the role of TCD and SP
during CEA in 112 patients. Of 18 patients who underwent
CEA with shunt, two (11%) developed an ischemic stroke.
Of the other 94 patients, one suffered a cerebral hemor-
rhage and five had cerebral ischemic complications. In these
five patients, the duration of clamping was significantly
longer, and the decrease of middle cerebral artery (MCA)
mean velocity on clamping was significantly greater, while
SP was not significantly different. Microembolic signals
were recorded in 63% and were not associated with
cerebral ischemic complications. They concluded that
the SP alone was not a reliable indicator of hemodynamic
changes that predict cerebral ischemia and that particu-
late microembolism may cause more subtle changes in
cerebral parenchyma.
Despite the potential benefits of the utility of TCD,
there is no level one evidence to support its use as an
independent modality to determine cerebral hypoperfusion
during carotid surgery under general anesthesia. In a study
by McCarthy et al,35 TCD monitoring was not possible in
13% of patients. Additionally, their results in patients under
regional anesthesia found a sensitivity, at best, of 92%
compared with clinical examination. Therefore, without a
sensitivity of 100%, its utility as a solo tool for preventing
cerebral hypoperfusion cannot be recommended. Cao et
al,34 when comparing SP with TCD in awake patients,
found an SP of 50 mm Hg to be a reliable method of
determining which patients to shunt, while TCD had a 17%
false-negative rate and inferior sensitivity (83%). They con-
cluded that TCD has a greater specificity but is associated
with a lower sensitivity. They felt that sensitivity is more
important than specificity in CEA and thus concluded that
TCD flow velocity measurement is not an optimal method
Table IV. Selective shunting using carotid stump pressure
Author (year)
No. of carotid
endarterectomies Shunt (%)
Hays36 (1972) 297 12
Moore37 (1973) 107 —
Cherry39 (1991) 124 —
Archie40 (1991) 665 11
Harada41 (1995) 140 20
Finocchi33 (1997) 112 16
Calligaro43 (2005) 474 7
Hans29 (2007) 314 10
Astarci44 (2007) 288 21
Jacob45 (2007) 1135 21
AbuRahma14 (2010) 200 14
Total 3856
aCerebral perfusion pressure (carotid SP-jugular venous pressure).for detecting clamping ischemia. 7SP. The basic idea behind SP is to have an objective
easurement for collateral cerebral circulation. This was
nitially measured using a 21-gauge needle that was in-
erted into the distal common carotid artery after clamping
f both the common carotid and external carotid arteries. A
ero reference level is adjusted to the patient’s position on
he operating table and then the SP is measured. Some have
dvocated using a mean arterial pressure (MAP), while
thers have used the peak systolic pressure.14,33,36,42 Ar-
hie40 calculated cerebral perfusion pressure by subtracting
he mean jugular vein pressure from the mean SP; he also
alculated the collateral to hemisphere vascular resistance
atio. In this series, selective shunt was chosen when the
erebral perfusion was18 mmHg; the author postulated
hat this method will identify a falsely high SP. Among 665
EAs, only two patients (0.3%) developed a stroke. Table
V analyzes the major studies14,33,36-45 that have been
ublished on SP. In a large study by Jacobs et al,45 1135
onsecutive CEAs were done under general anesthesia.
wenty-one percent of patients were shunted using an SP
f 45 mm Hg. The overall 30-day mortality and com-
ined stroke/death rates were 0.5 and 1.5%, respectively.
Moore et al,37 in a study of 107 CEAs under general
nesthesia and using an SP of 25 mm Hg for shunting,
eported a permanent neurological deficit in two pa-
ients; one was shunted and one was not. In a larger
tudy of 297 CEAs by Hays et al,36 the authors con-
luded that an SP of 50 mm Hg or more is needed in
rder not to shunt. However, 2.7% of patients with an SP
f 50 mm Hg had some neurological deficit. In our
rospective randomized study, we found that selective
hunting in patients with an SP 40 mm Hg was ade-
uate.14 A strong correlation was found between the SP,
tump pulse, and retrograde internal flow to predict
erebral hypoperfusion and the need for shunting.
herry et al39 classified his 124 procedures into three
roups according to the status of the contralateral ca-
otid artery and SP: there was a 48% increase in EEG
hanges with contralateral occlusion, 18% with stenosis,
nd 21% with a normal artery (P  .014). There was a
)
SP used
Perioperative
stroke (%)
Perioperative stroke
and death (%)
50 8 —
25 2 —
50 3 5
18a 0.3 1.8
50 0.8 1.5
— 5.2 5.2
40 1.3 —
40 1.2 1.2
51 0.3 0.6
45 1 1.5
40 1 1
1.6% 1.7(SP3% incidence of EEG changes with an SP of 25 mm
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Volume 54, Number 5 AbuRahma et al 1507Hg. All patients with an SP of 25 mm Hg and con-
tralateral carotid occlusion had EEG changes, on the
other hand, none of the patients with an SP of 50 mm
Hg and a normal contralateral carotid artery had EEG
changes. The authors concluded that an SP of 50 mmHg
is sensitive and can correlate with EEG changes in 97% of
patients.
On the other hand, many authors have questioned the
clinical relevance of SP. Harada and colleagues41 demon-
strated that an SP50 mmHg correlated with a sensitivity
of 89% in patients who developed ischemic EEG changes
during carotid cross-clamping, and a pressure of 50
mm Hg had a negative predictive value of 96%. The
striking finding in this study was that an SP of 50 mm
Hg had a positive predictive value of only 36%, and
neither the status of the contralateral carotid artery nor
the calculation of the SP/MAP improved the sensitivity
of the SP in determining the need for a shunt. The
authors concluded that EEG monitoring during CEA
remains the most sensitive tool for determining cerebral
perfusion under general anesthesia. Kelly et al38 demon-
strated that 38% of patients with ischemic EEG changes
had an SP of 50 mm Hg. This ongoing debate about
the feasibility of SP as a sole objective tool for cerebral
perfusion will leave this issue to the personal comfort and
judicious experience of the surgeon.
SSEP. Proponents of SSEP agree on its feasibility,
safety,46-49 and high reliability in detecting early neurolog-
ical changes. Others have claimed that utility of SSEP is not
well characterized and is less accurate than other modali-
Table V. Somatosensory evoked potential (SSEP)
Author (year)
No. of carotid
endarterectomies
De Vleeschauwer46 (1988) 177
Russ47 (1988) 106
Schweiger48 (1991) 400
Tiberio49 (1991) 264
Amantini50 (1992) 368
Dinkel51 (1992) 125
Linstedt52 (1998) 146
Baton54 (2007) 100
Astarci44 (2007) 228
Total 2016
Table VI. Cervical block anesthesia
Author (year)
No. of carotid
endarterectomies S
Evans58 (1985) 134
Lawrence59 (1998) 200
Bowyer60 (2000) 272
McCarthy35 (2001) 104
Sternbach61 (2002) 226
Calligaro43 (2005) 474
Hans29 (2007) 314
Total 1724ties.63,64 SSEP is a technically challenging tool to evaluate perebral perfusion; however, it has its own potential, de-
ending on the comfort zone for the adopting surgeon.
able V demonstrates the main studies which utilized
SEP.
Cerebral oxymetry (CO). CO is noninvasive, inex-
ensive, and can provide a continuous real-time objec-
ive evaluation of cerebral flow during CEA.56,57 How-
ver, the feasibility of CO has not yet been well
haracterized. Also, correlation between CO and other
bjective measures for cerebral circulation has not been
ell examined.56,57
Selective shunting using CBA. CBA has been
roven to be very helpful in monitoring patients’ neuro-
ogical status during carotid clamping and to determine
he need for shunting. The main limitations of CBA are
he patient’s anxiety, claustrophobia, cervical spine rigid-
ty, and redo CEA. The correlation between intraopera-
ive monitoring of patients under CBA has been shown
o be more sensitive than EEG and SP. Hans et al29
valuated 314 consecutive CEAs under CBA with EEG
nd SP measurement; a shunt was used in 10% when a
eurological deficit occurred. Shunt was required in 57%
nd 59% of patients with an SP 40 mm Hg and EEG
schemic changes, respectively, indicating that both SP
nd EEG were less sensitive than intraoperative neuro-
ogical examinations under CBA. Calligaro et al43 ana-
yzed 474 CEAs performed under CBA with EEG and SP
onitoring and found that SP is more cost-effective than
EG in predicting the need for a shunt. A shunt was
nserted if there was a neurological deficit (7.2% of
unt (%)
Perioperative
stroke (%)
Perioperative stroke
and death (%)
17 2.8 —
5.6 5 —
4.5 1.8 2.6
9 1.1 1.3
— 1.6 1.6
8 1.6 —
16.4 2.7 —
6 1.4 1.4
16 0.3 0.3
1.8 1.9
(%)
Perioperative
stroke (%)
Perioperative stroke
and death
7 — 2.2
5 0.5 —
1.1 1.84
5 3 —
1.7 2.5
1.3 1.3
1.2 1.2
1.1 1.7Shhunt
9.
4.
—
11.
—
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been required in 29% for a SP 50 mm Hg versus 15%
for SP 40 mm Hg. The combined perioperative
stroke/death rates for nonshunted patients were 1% and
1.2% for a SP 50 and 40 mm Hg, respectively. This
study recommended a SP of 40 mm Hg as a reliable
and effective tool to determine the need for a shunt.
McCarthy et al35 concluded that none of the hemody-
namic criteria based on SP or TCD can be absolutely
reliable regarding the need for a shunt and not as effec-
tive as CBA. Table VI summarizes the main stud-
ies29,35,43,58-61 regarding CBA.
Randomized CEA comparing routine versus selective
shunting
A Cochrane Review published in 2010 conducted a
systemic review of randomized controlled prospective trials
comparing routine shunting vs selective shunting and the
risk of perioperative stroke, death, and other perioperative
complications.65 This review included the original Co-
chrane Review up to 1995, an updated review between
1995 and 2000, and the latest review between 2000 and
2008. Studies were included if they compared any of the
following policies: routine shunting versus avoiding a
shunt; selective shunting versus routine shunting; selective
shunting versus avoiding a shunt; or if they examined
different methods for determining the need for a shunt.
Four trials fulfilled the inclusion criteria.66-69 Three of
these trials (686 patients) compared routine shunting ver-
sus no shunting67-69 The pooled data showed that the
overall 30-day stroke and death rate was 4.9%, and the
overall risk of death was 1.5%. The perioperative stroke and
the combined stroke and death rates for patients with
shunts were 3.4% and 3.7%, respectively, versus 4.5% and
6% for patients without shunts. There were no significant
differences between both groups.
The fourth trial, which included 131 patients, com-
pared shunting based on SP measurements alone versus
shunting on the basis of EEG and SP measurements.66
Three of 72 patients (4.1%), in the combined monitoring
group, had ipsilateral strokes within 24 hours, compared
with two out of 70 (2.9%) in the SP alone group (P  .7).
The combined monitoring resulted in the use of fewer
shunts (12.5% vs 25.7%, odds ratio 0.43; P .05). Based
on these data, the authors concluded that there was still
insufficient evidence from randomized controlled trials to
support or refute the use of selective or routine shunting.
Furthermore, there was little evidence to support the use of
one form of cerebral monitoring over another in selecting
patients requiring a shunt.
Since the publication of this Cochrane Review, there
has only been one randomized trial comparing routine
versus selective shunting in CEA based on SP. AbuRahma
et al14 conducted a prospective randomized trial in which
200 CEA patients under general anesthesia were random-
ized into routine shunting (n  98) and selective shunting
(n  102) where shunting was used only if carotid systolic
SP was 40 mm Hg.Shunting was used in 29 of 102 (28%) patients in the
elective shunting group. The mean preoperative ipsilateral
nd contralateral stenosis were 79% and 56% in the shunted
ersus 78% and 34% in the nonshunted subgroup of the
electively shunted patients (P  .634 and 0.002, respec-
ively). The mean systolic SP in the shunted versus nons-
unted subgroup of selective shunting was 33 versus 65
m Hg (P  .0001). The perioperative stroke rates were
imilar in both groups (0% for routine shunting vs 2% for
elective shunting).
In conclusion, the use of routine shunting and selective
hunting was associated with a low stroke rate. Both meth-
ds are acceptable, and the individual surgeon should select
he method with which he or she is more comfortable.
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